.
The quantity AAH(vap -+ S) is usually taken as equal to the enthalpy of solvation, although it also includes a term for the "hole" energy in that solvent. Solvation enthalpies of neutral molecules are small compared with those of typical ions, but AAH,(S, -S,) may be comparable. In the transfer of the reaction of a benzene derivative with an ion from one solvent to another, rate changes may result from changes in solvation of both reacting species, as well as that of the transition state.
A number of interesting conclusions regarding the solvation of functional groups can be drawn from the data in Table 11 . (I) A principle solvation interaction for hydrocarbon molecules and groups as solutes is dispersion interactions. These are comparable for solute benzene and cyclohexane. Dipole-induced dipole forces cause a more exothermic interaction of solute benzene with D M F than with cyclohexane. The less polarizable solute cyclohexane has a less exothermic interaction with DMF, reflecting the rather large solvent-solvent forces and "hole" energy in this solvent. This effect is still more pronounced in the case of perfluoro(methylcyc1ohexane). Edge Participation by a P-Cyclobutene Ring in a 7-Norbornenyl System
Sir:
Edge participation by a cyclobutene ring at an incipient carbonium ion has been demonstrated in the 7-norbornyl system.
Product studies indicate an intermediate trishomocyclopropenyl type cation. However, because of degenerate rearrangements of the intermediate species, conclusive evidence about the nature of the developing carbonium ion could not be given.lS2 In a previous communication we described the capability of a methoxy group attached to the cationic center to cancel neighboring group participation and consequently suppress rearrangement of the cation. We now wish to report the generation and direct observation of the 9-ethoxy-endo-tricyc10[4.2.1 .02v5]-nona-3,7-dien-9-yl carbonium ion, I11 (Figure 1 ).
9-Ethoxy-9-chloro-endo-tricyclo[4.2. l.O2s5]nona-3,7-diene, prepared from diethoxy compound I 4 and PClj or S0Cl2, was dissolved in liquid SO, at -60" and observed by nmr. The downfield shift of the methylene protons of the ethoxy group (6 5.11) indicates a posi- tively charged structure, caused by ionization of the C-CI bond. The structure of 9-ethoxy-endo-tricyclo-[4.2.1 .02,z]nona-3,7-dien-9-yl cation is assigned to ion I11 on the basis of its nmr data compared to those of the 7-methoxy-7-norbornenyl cation, V . 5 Furthermore, addition of ethanol gives exclusively the starting material I, indicating no rearrangement reactions. This communication presents evidence that cation I11 has a nonclassical structure as depicted in the appropriate figure with the positive charge partially delocalized over the 9 and 2,5 positions.
The nmr spectral data for ion 111 are given in Figure  2 together with the data for the related ion V and the ketal I. The proton pairs H1.6 and H2,, of 111 are, similar to the bridgehead protons of ion V, nonequivalent on each side of the ion because of restricted rotation around the C-0 bond.:
The chemical shift of the vinyl protons Hi,y (6 5.97) of I11 indicates little charge delocalization on these positions. However, the downfield shift of the cyclobutenyl protons H2,; (6 4.14-4.4) with respect to the ketal I seems too large to be caused by a localized charge at Co, especially since the charge at this center is stabilized by a strong electron donating group like the ethoxy group. A further indication is obtained from the considerable changes within the H,-H, four-spin system, where a triplet is found for the olefinic protons H3,i (J = 2.4 Hz) instead of the broad singlet which is usually found for the olefinic absorptions of cyclobutenyl systems6 We prefer to ascribe this phenomenon to rehybridization, intrinsic charge effects, or both as a consequence of charge delocalizaton. ' Additional evidence concerning charge delocalization is probided by product studies of nucleophilic reactions on ion 111. We used PPh:, as a nucleophile in liquid SOn at -50" with TMS as internal standard.
Nmr spectral data for cations I11 and V 5 and ketal I because long range P-H couplings allow easy identification of the resulting phosphonium salt and also in order to make a comparison with earlier work.3 It appeared that ion I11 yields only a product with the substituent in anti position to the cyclobutene moiety, whereas ion V, a classical ion, yields a mixture of the two isomers. Edge participation by the cyclobutene ring is also indicated by the relative ease with which cation 111 is formed, with respect to other comparable cations like the 7-methoxy-7-norbornenyl cation, V, and the 7-methoxy-7-norbornadienyl cation, VI. Ion V was not observed when its 7-chloro-7-methoxy substituted precursor was dissolved in liquid SO?. Under these conditions an exchange takes place between the two isomers of 7-chloro-7-methoxyiiorbornene which indicates the existence of cation V as an intermediate species. Thus cation V is insufficiently stabilized to be a long-lived species under these conditions. Recently, we made the same observations for cation VI. The carbonium ion stabilizing ability of methoxy and ethoxy groups appeared to be equaL8 From this we may conclude that in 7-methoxy-substituted norbornyl cations the charge is more stabilized by an endo fused cyclobutene ring than by a double bond.
The explanation can be found in the difference in orbital orientation of these functional groups. The bent-bond orbitals of cyclobutene are, similar to cyclopropane,$ more directed toward the cationic center than the p orbitals of the double bond in V. The structure of V I has been established to be symmetric. In this configuration there is a maximum overlap between the orbitals at Ci and the methoxy group.'O The resulting minimum overlap between the orbitals at Ci and the double bond permits little charge delocalization onto the (8) Rcplacement of the ethoxy group by a niethoxy group i n ion I11 yields similar results. However, we describe here the ethoxy substituted compound because in this case ion 111 is generated in a more pure state. Coniinunications to the Editor olefinic group. In ion I11 the same arguments are valid for interaction with the C7,8 double bond. However, the bent-bond orbitals of cyclobutene in I11 turn out to be more suitable to overlap with C7 in an unbridged configuration. polyolefin of commercial importance as a food coloring agent and is generally prepared by a multistep route from vitamin A.I4 We therefore subjected retinal (15) to treatment with the LiAIH4-TiCl3 reagent and isolated @-carotene in 85 yield (mp 180-182"; 1it.l: 183 "). Multiple unsaturation in the substrate is clearly compatible with the reaction.
A detailed understanding of the reaction mechanism must await knowledge of the nature of the reagent. The course of the reaction can be readily accounted for, however, if one assumes that Ti(I1) species are in- 
